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Abstract
Polyclonal antibodies of aflatoxin B1 were successfully produced from New Zealand White female rabbits after
immunization by the hapten of aflatoxin B1-carboxymethyl hydroxylamine hemihydrochloride (AFB1-CMO)
conjugated with bovine serum albumin (BSA) as the antigen. The hapten was synthesized using the carbodiimide
method with CMO as a linker. Absorption peaks at 362, 264, and 218 nm were observed as a result of characterization
with UV-Vis spectroscopy, while IR spectroscopy showed peaks at 3448 cm-1 and 1642 cm-1 attributable to the
hydroxyl and nitrile groups, respectively. Furthermore, mass spectrometry showed fragmentation at the m/z of 386,
368.2, and 310, which confirms that the hapten of AFB1-CMO was successfully synthesized. The hapten was then
conjugated with BSA to serve as an antigen of AFB1 when it was injected into the rabbits. The specificity of the antigen
towards its antibody and the confirmation of hapten-BSA conjugation were characterized using the dot blot
immunoassay, which showed a BSA concentration of 1.74 mg/mL. Two weeks after the primary immunization by its
antigen, agar gel precipitation testing showed that the rabbit blood serum had positive results for polyclonal antibodiest
against AFB1 with the highest concentration of antibodiest of 2.19 mg/mL.

Abstrak
Sintesa of Poliklonal Antibodi Aflatoxin B1. Antibodi poliklonal aflatoksin B1 telah berhasil diproduksi pada hewan
uji kelinci betina New Zealand White setelah diimunisasi dengan hapten aflatoksin B1-carboxymethyl hydroxylamine
hemihydrochloride (AFB1-CMO) yang dikonjugasikan dengan bovin serum albumin (BSA) sebagai antigen. Hapten
AFB1 disintesis menggunakan metode karbodiimida dengan CMO sebagai linker. Puncak absorbansi pada 362, 264,
218 nm teramati sebagai hasil karakterisasi menggunakan spektrofotometer UV-Visibel, sementara dengan spektrum IR
diperoleh puncak pada 3448.126 cm-1 dan 1642.451 cm-1 yang masing-masing mengindikasikan adanya gugus hidroksil
dan nitril. Hasil spektrometri massa menunjukkan fragmentasi pada m/z 386, 368.2, dan 310 yang membuktikan hapten
AFB1-CMO telah berhasil disintesis. Hapten ini kemudian dikonjugasikan dengan BSA agar dapat berperan sebagai
antigen AFB1 ketika diinjeksikan pada kelinci. Kekhususan antigen aflatoksin B1 terhadap antibodinya dan konfirmasi
konjugat hapten-BSA menunjukkan hasil positif pada uji dot blot immunoassay dengan konsentrasi BSA sebesar 1.74
mg/mL. Dua pekan setelah imunisasi primer, agar gel precipitation test menunjukkan hasil positif terhadap antibodi
poliklonal AFB1 dengan konsentrasi tertinggi sebesar 2.19 mg/mL.
Keywords: aflatoxin B1, characterization, polyclonal antibody, rabbit, production

to be toxic and carcinogenic to humans [2-3]. It is also
reported to be teratogenic and mutagenic, and to cause
toxic hepatitis, bleeding, immunosuppression, and liver
carcinoma [4]. It has been reported that agricultural
products, such as corn, cocoa, and peanuts are commonly
highly contaminated by AFB1 [5-7]. Accordingly,
International Agency of Research on Cancer (IARC)
classifies AFB1 as a Group 1 carcinogen in humans [8].

Introduction
Fungal contamination is often found in agricultural
products, and fungi can produce toxic metabolites called
mycotoxins. Aflatoxin is the mycotoxins produced by
Aspergillus flavus and A. parasiticus. Aflatoxin is
suspected to damage human health, livestock, and
agricultural products [1]. Aflatoxin B1 (AFB1) is known
91
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Various analytical methods have been developed for the
detection of AFB1. One example is thin-layer chromatography [9], which has less sensitivity and specificity
than other methods. The use of high-performance liquid
chromatography [10] or as liquid chromatographytandem mass spectrometry [11] is popular since they
offer high sensitivity and specificity. However, these
methods require special expertise, a long time analysis,
and very expensive instrumentation.
On the other hand, immunoassays and related immunochemical analytical procedures, such as the enzyme-linked
immunosorbent assay (ELISA) and immunochromatographic strip-tests offer several advantages for easy and
fast aflatoxin-screening tests [12-14]. Immunoassay
methods are highly dependent on the quality of its
detection agent, i.e. antibodies, which are often conjugated
with a tracer, such as enzymes (for ELISA), radioactive
(for radioimmunoassay), and or nanoparticles. Therefore,
the ability to produce sensitive and specific antibodies
to AFB1 has become very important [12]. Furthermore,
although monoclonal antibody can be produced and they
provide more specificity, the production of polyclonal
antibody is simple and can be performed with adequate
specificity when coupled with lateral immunosensors
[15,16].
AFB1 is a non-protein compound with a low molecular
weight. Therefore, when it enters a living system, it is
not recognized as an antigen and as a result an antibody
will not be produced. In order to act as an antigen,
AFB1 needs to be combined with a larger protein. Since
AFB1 has no reactive group for a coupling reaction with
a protein, a linker is required. Chu and Ueno reported on
the use of carboxymethyl hydroxylamine hemihydrochloride (CMO) as a linker [17] and bovine serum
albumin (BSA) as the protein. The reaction scheme is
shown in Figure 1.
CMO has three atoms as a long arm space in which this
linker maintains the specific groups of AFB1, and thus
it has a high antigenicity [18]. Another type of linker,
dicyclohexylcarbodiimide, has been commonly used,
but it was reported to produce N, N'-dicyclohexylurea
[12], which is insoluble and difficult to remove.
Immunization with about 50 to 210 µg of hapten
emulsion in NaCl, given to rabbit intradermally, was
reported to initiate antibody production after three
weeks [17].
In this work, the synthesis and characterization of the
hapten and the antigen of AFB1 is explained. The hapten
was the injected subcutaneously to increase the amount
of antibody production. Subcutaneous injection is reported
to offer some advantageous, including the less painful
felt by the rabbit as well as a greater injection volume:
250 µg hapten could be injected into each rabbit two
times during the first week. It was found that 11 days
Makara J. Sci.

Figure 1. Reaction Scheme of AFB1-CMO Hapten Synthesis

after the primary immunization with the antigen, the
rabbit blood serum showed a positive result for the
polyclonal antibodies against AFB1. Furthermore, booster
immunization of 500 µg of antibodies at the third week
produced the highest antibody concentration at 2.19
mg/mL.

Materials and Methods
Chemicals. AFB1 was purchased from Romer Labs,
while 1-ethyl-3-(3-dimethylaminopropy) carbodiimide
(EDC), dimethylformamide (DMF), and carboxymethyl
hydroxylamine hemihydrochloride (CMO) were supplied
by Merck. N-hydroxysuccinimide (NHS) was purchased
from Wako Pure Chemical Industries Ltd., while bovine
serum albumin (BSA), Freund's complete adjuvant (FCA),
Freund's incomplete adjuvant (FIA), succinic anhydride,
anti-IgG-HRP (goat anti-rabbit enzyme conjugate), 3,3'diaminobenzidine (DAB), and other chemicals were
supplied by Sigma Aldrich. Female New Zealand White
rabbits were supplied by the Faculty of Veterinary
Medicine, Bogor Agriculture University, Bogor, Indonesia.
September 2015 | Vol. 19 | No. 3
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Synthesis of the hapten of aflatoxin B1-carboxymethyl
hydroxylamine hemihydrochloride (AFB1-CMO).
The hapten of AFB1-CMO was prepared according to
method of Chu [17]. Briefly, 2 mg of AFB1 was added
into a 3 mL solution containing 0.5 mL of pyridine
anhydrous, 2 mL of methanol, 0.5 mL of distilled water,
and 4 mg of CMO. The solution was refluxed at 86 °C
in the dark while being constantly stirred for 5 h. The
pyridine was removed from the solution with N2
evaporator. Then the solution was extracted using 10
mL of ethyl acetate and 10 mL of distilled water. The
extraction was repeated for three times. Anhydrous
Na2SO4 and N2 evaporator were used to absorb the
remaining water and organic solvent, respectively. The
synthesized hapten, which appeared as a yellow powder,
was then characterized using thin layer chromatography
(TLC), UV-Vis and IR spectrophotometers, and a mass
spectrometer.
Synthesis of the hapten-protein (antigen of AFB1).
The antigen of AFB1 was prepared by mixing 1 mg of
AFB1-CMO with 2 mL of DMF in distilled water (6 : 9).
Then, 0.598 mg of NHS and 1.073 mg of EDC were
added, followed by incubated shaking at 37 °C for 24 h.
The solution was centrifuged (5 min at 4000 rpm) and the
filtrate was added by 8.6 mg of BSA in 5 ml of 0.13 M
NaHCO3 dropwise, followed by slow stirring for 1 h. The
solution was then incubated and shaken in the dark at 37
ºC for 3 h. Next, the supernatant was dialyzed for 24 h in
distilled water, then dialyzed for 3 days in PBS at pH 7.6.
The antigen was characterized using the UV-Vis spectrophotometer and the dot-blot immunoassay technique.
Production of polyclonal antibody against AFB1 (pAb
AFB1) in rabbits. The polyclonal antibody of AFB1 was
produced using female New Zealand White rabbits by
injecting 250 µg of antigen in 150 µL of FCA two times
in the first week. At the second week, the serum was
extracted and examined with the agar gel precipitation
test (AGPT). To increase the production of antibodies, at
the third week, each rabbit was injected with 500 µg of
the AFB1 antigen in 300 µL of FIA. The same steps were
repeated to extract a large amount of blood serum
harvested from rabbits.

peaks with λmax at 218, 264 and 362 nm. This confirms to
the results previously reported by Kim et al. [18]. The
intensity of the peaks at 264 and 362 nm were not
relatively changed, as the haptenization of AFB1 using
CMO did not damage its chromophore characteristics.
However, the peak intensity at 218 nm decreased after
haptenization due to the chromophore changing from
C=O to be C=N.
Mass spectrometry (Figure 3) showed the fragmentation
at m/z 386, 368.2, and 310, confirming the formation of
AFB1-CMO.
Theoretically, the molecular structures of the hapten and
AFB1 are similar. The only difference is in the
carboxymethoxylamine (-NOH2COOH) groups, which
binds to ketone groups of aflatoxin B1 through
condensation to form oxime (C=N) after haptenization.
Characterization using IR spectroscopy (Figure 4)
showed wide peak at 3448 cm-1, indicating the absorption
of the O-H groups. The intensity of the peak increase as
the carboxylic group was performed after haptenisation.
The peak was also observed in spectra of AFB1 indicated
the presence of water molecules in the sample.
Furthermore, a peak at 1632 cm-1 related to the ketone
groups as well as small absorption peaks in the hapten
spectrum were observed at 1642 cm-1 and 1075 cm-1
related to the C=N and C=O groups, respectively. The
absence of the peak around 2100 cm-1 is attributable to
N=C=O groups, confirming that the modification by
CMO occurred at the C=O in the cycloheptene.
Characterization of the hapten-protein (antigen of
AFB1). Dot blot immunoassay was then used to characterize the hapten-BSA conjugation. The positive result
indicated that the hapten of AFB1-CMO was successfully
conjugated to BSA. Meanwhile, the concentration of the
antigen was determined using a linear calibration curve
created from different concentrations of BSA. A
concentration of 1.74 mg/mL was obtained.
0.5
AFB1

Result and Discussion
Characterization of the hapten of AFB1-CMO (AFB1CMO). The TLC results showed spots of the hapten with
Rf values of 0.39 (1 µL) and 0.40 (5 µL), while the AFB1
standard sample had spots with Rf values of 0.77 (5 µL)
and 0.76 (10 µL). The Rf values for the hapten were
lower than the standard due to the increased numbers of
carboxylic groups, which are more polar than aflatoxin
B1, after the haptenization of aflatoxin B1 using CMO.
Meanwhile, UV-Vis spectra (Figure 2) showed that both
aflatoxin B1 and its hapten have the same absorption
Makara J. Sci.
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Figure 2. Comparison of UV-Vis Spectra of the Hapten of
AFB1-CMO (Dotted Line) and AFB1 (Solid Line)
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Figure 3. Mass Spectrum of the Hapten of AFB1-CMO
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Figure 4. IR Spectra of the Hapten of AFB1-CMO (Solid
Line) and AFB1 (Dotted Line)

Production of polyclonal antibodies against AFB1
(pAb AFB1). Production of pAb AFB1 was performed
by immunizing the rabbits with the AFB1 antigen. The
AGPT assay was performed to characterize the produced
antibodies to AFB1. While the control showed negative
results (Figure 5(a)), the blood serum harvested at the
second week (11th day) after the primary immunization
with the antigen of AFB1 using FCA showed a thin line,
indicating that it contained a low concentration of pAb
AFB1 (Figure 5(b)). After three weeks, the AGPT result
showed a bold line, which indicated the rabbit serum
contained a high concentration of pAb AFB1 (Figure
5(c)).

c
Figure 5. AGPT Assay Shows (a) the Control Rabbit
Serum (Negative), (b) the First Bleeding of the
Rabbit, and (c) the Second Bleeding of the
Rabbit

per molecule of IgG antibody [19]. After purification,
the UV-Vis spectrum showing the highest concentration
of pAb AFB1 was 2.19 mg./mL.

Conclusions
In order to purify the pAb AFB1, a protein column (Hi
Trap) was used. Protein A consists of six different
regions, five of these are strong enough to specifically
bind to the Fc portion of IgG antibodies, and to then
isolate the IgG polyclonal antibodies from the serum.
Immobilization protein A binds to at least two molecules
Makara J. Sci.

The polyclonal antibody of aflatoxin B1 was
successfully produced in female New Zealand White
rabbits after 2 subcutaneous injections with 250 µg
AFB1-CMO hapten conjugated to BSA. Eleven days
after the primary immunization, the rabbit blood serum
September 2015 | Vol. 19 | No. 3
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began to contain pAb AFB1. The booster injection with
a 500 µg of the hapten at the third week showed the
highest concentration of polyclonal antibodies against
AFB1 at 2.19 mg/mL.

Acknowledgment
The research was funded by Hibah PUPT Tahun
Anggaran 2015, Contract No. 0533/UN2.R12/HKP.05.00/
2015.

References
[1] Devi, K.T., Mayo, M.A., Reddy, K.L.N., Delfosse,
P., Reddy, G., Reddy, S.V., Reddy, D.V. 1999.
Production and characterization of monoclonal
antibodies for aflatoxin B1. Lett. Appl. Microbiol.
29(5): 284-288, http://onlinelibrary.wiley.com/doi/
10.1046/j.1472-765X.1999.00685.x/epdf.
[2] Liu, B.H., Yu, F.Y., Chan, M.H., Yang, Y.L. 2002.
The effects of mycotoxins, fumonisin B1 and
aflatoxin B1, on primary swine alveolar
macrophages. Toxicol. Appl. Pharmacol. 180(3):
197-204, doi:10.1006/taap.2002.9406.
[3] Pittet, A. 1998. Natural occurrence of mycotoxins
in foods and feeds. an updated review. Revue de
Medecin Veterinaire 149(6): 479.
[4] Reddy, K.R.N., Reddy, C.S., Muralidharan, K.
2009. Potential of botanicals and biocontrol agents
on growth and aflatoxin production by Aspergillus
flavus infecting rice grains. Food Control, 20: 173178. doi:10.1016/j.foodcont.2008.03.009.
[5] Asis, R., Di Paola, R.D., Aldao, M.A. J. 2002.
Determination of aflatoxin B1 in highly contaminated peanut samples using HPLC and ELISA.
Food Agric. Immun. 14:201-208. http://www.tand
fonline.com/doi/abs/10.1080/09540100220145000.
[6] Fernández-Ibañeza, V., Soldado, A., MartínezFernándeza, A., de la Roza-Delgado, B. 2009.
Application of near infrared spectroscopy for rapid
detection of aflatoxin B1 in maize and barley as
analytical quality assessment. Food Chemistry,
113(2):629-634, doi:10.1016/j.foodchem.2010.11.
088.
[7] Var, I., Kabak, B., Gök, F. 2007. Survey of
aflatoxin B1 in helva, a traditional Turkish food, by
TLC. Food Control. 18(1): 59-62. doi:10.1016/
j.foodcont.2005.08.008.
[8] Min, W.K., Kweon, D.H., Park, K., Park, Y.C.,
Seo, J.H. 2011. Characterization of monoclonal
antibody against aflatoxin B1 produced in
hybridoma 2C12 and its single-chain variable
fragment expressed in recombinant Escherichia
coli. Food Chem. 126(3): 1316-1323. doi:10.1016/
j.foodchem.2010.11.088.

Makara J. Sci.

[9] Stroka, J., Anklam, E. 2000. Development of a
simplified densitometer for the determination of
aflatoxins by thin-layer chromatography. J.
Chromatogr. A. 904(2): 263-268. doi:10.1016/
S0021-9673(00)00947-X.
[10] Gómez-Catalán, J., Piqué, E., Falcó, G., Borrego, N.,
Rodamilans, M., Llobet, J.M. 2005. Determination of
aflatoxins in medicinal herbs by HPLC. An efficient
method for routine analysis. Phytochem. Anal. 16(3):
196-204. http://onlinelibrary.wiley.com/doi/10.1002/
pca.845/epdf.
[11] Zöllner, P., Mayer-Helm, B. 2006. Trace
mycotoxin analysis in complex biological and food
matrices by liquid chromatography atmospheric
pressure ionisation mass spectrometry. J. Chromatogr.
1136(2):123-169. doi:10.1016/j.chroma.2006.09.055.
[12] Gathumbi, J.K., Usleber, E., MaÈrtlbauer, E. 2001.
Production of ultrasensitive antibodies against
aflatoxin B1. Lett.Appl. Microbiol. 32(5):349-351.
http://onlinelibrary.wiley.com/doi/10.1046/j.1472765X.2001.00914.x/epdf.
[13] Li, P., Zhang, Q., Zhang, W., Zhang, J., Chen, X.,
Jiang, J. 2009. Development of a class-specific
monoclonal antibody-based ELISA for aflatoxins
in peanut. Food Chem. 115(1):313-317.
doi:10.1016/j.foodchem.2008.11.052.
[14] Lee, N.A, Rachmawati, S. 2006. A rapid ELISA
for screening aflatoxin B1 in animal feed and feed
ingredients in Indonesia. Food Agric. Immun., 17:
91-104.http://www.tandfonline.com/doi/abs/10.10
[15] 80/09540100600758789.
[16] Lei, H., Shen, Y., Song, L., Yang, J., Chevallier,
O.P., Haughey, S.A., Wang, H., Sun, Y., Elliot, C.T.
2010. Hapten synthesis and antibody production
for the development of a melamine immunoassay.
Anal. Chim. Acta 665:84-90. doi:10.1016/j.aca.
2010.03.007.
[17] Li, X., Luo, P., Tang, S., Beier, R.C., Wu, X.,
Yang, L., Li, Y., Xiao, X. 2011. Development of
an Immunochromatographic Strip Test for Rapid
Detection of Melamine in Raw Milk, Milk
Products and Animal Feed. J. Agric. Food Chem.
59(11): 6064-6070. DOI: 10.1021/jf2008327.
[18] Chu, F.S., Ueno, I. 1977. Production of antibody
against aflatoxin B1, Appl. Environt. Microbiol.
33(5):1125-1128. http://aem.asm.org/co ntent/33/
5/1125.full.pdf+html.
[19] Kim, S. H., Cha, S. H., Karyn, B., Park, S. W.,
Kang, H.W. 2011. Production of group specific
monoclonal antibody to aflatoxins and its application
to enzyme-linked immunosorbent assay. Toxicol.
Res. 27(2):125-131, doi: 10.5487/TR.2011.27.2.125.
[20] HiTrap Protein A HP. GE Healthcare Instructions
71-7002-00 AP. http://www.blossombio.com/pdf/
products/UG_71700200AP.pdf.

September 2015 | Vol. 19 | No. 3

